The reaction of cyanide with oxygenated cytochrome c oxidase was followed by means of flow-flash techniques. The oxygenated form, produced after photolysis of the partially reduced CO complex in the presence of cyanide and 02, shows cyanide-binding properties distinct from those of both the oxidized and the reduced forms of the protein. The binding is a single process (k = 22M-1 s-1) linearly dependent on cyanide concentration to as high as 75mM. It is suggested that the oxygenated form is a conformational variant of the oxidized protein.
Cytochrome c oxidase (EC 1.9.3.1) is capable of forming an oxygenated species that contains four oxidized sites (Tiesjema et al., 1972) . The production of this species was first thought to be due to the formation of a peroxidic compound (Takemori et al., 1958) ; however, more recently the oxygenated species has been prepared under conditions that preclude the formation of peroxidic compounds (Lemberg & Stanbury, 1967) . This has led a number of workers to think that the oxygenated species is a transitory conformational form of the oxidized protein (Tiesjema etal., 1972) . Amajorprobleminstudyingthereactions of the oxygenated material is that it decays spontaneously to the oxidized form (Lemberg & Mansley, 1966) , and to avoid this we have taken advantage of the observation that the mixed-valence CO complex, when subjected to flow-flash in the presence of 02, forms the oxygenated material (Greenwood et al., 1974) . By using this technique it was possible to form the oxygenated species quantitatively in situ, in the presence of cyanide. The subsequent reactions of the oxygenated species with cyanide were followed and compared with the extensively studied reactions of the fully reduced and the fully oxidized forms of the protein with this ligand. These experiments were performed to investigate the hypothesis that the oxygenated species is a conformational variant of the oxidized form of the oxidase.
Materials and Methods
The cytochrome c oxidase used in these experiments was prepared by the method of Yonetani (1960) , and the concentrations of oxidase samples
Wrere established by using the extinction coefficients given by Yonetani (1961) . The mixed-valence species was prepared by incubation of the oxidized protein under 1 atm(0.1 MPa)ofCO (Greenwoodetal., 1974 For static spectrophotometry, the oxygenated species was formed byexposing a sample ofthe mixedvalence material to 0°and recording the spectrum (within about 1 min); this and other spectra were obtained by using a Cary 118C instrument. Flashphotolytic experiments were conducted by using the instrumentation and methods described by Greenwood & Gibson (1967) , a Bausch and Lomb monochromator (500mm grating; 1200 grooves/mm; f= 4.4) being used in conjunction with the flashphotolysis apparatus.
Results
Oxygenated cytochrome c oxidase, prepared after photolysis, as described, showed a monophasic binding phase at 428nm over a wide range of cyanide concentration; the pseudo-first-order rate of this process was found to be linearly dependent on cyanide concentration up to 75mM, and the second-order rate constant was 22M-1 s- (Fig. 1) . Another, much slower, process accounting for approx. 10% of the overall reaction was observed at all concentrations and occurred in the second (s) time-range. However, this slower phase was found to be independent of cyanide concentration in both rate and extent. The rate of this process (k = 0.1 s-1) was identical with that of the CO 'off' rate of the mixed-valence species under these conditions; under the experimental conditions employed some re-formation of the A comparison of the spectrum of the product formed after the reaction between cyanide and the oxygenated species with that of the normal oNidized cyanide complex showed them to be identical.
The kinetic difference spectrum produced between 580 and 630nm (Fig. 2) compares the overall kinetic difference spectrum with the difference spectrumn obtained statically between the oxygenated cytochrome c oxidase and the oxidized cyanide complex.
Discussion
Comparison of the static and kinetic difference spectra shown in Fig. 2 confirms that the first product f 2 reaton with the mixed-valence species is the oxygenated protein (Greenwood et al., 1974) , unlike the reaction with the fully reduced CO complex, which apparently yields the oxidized protein as the first product (Greenwood & Gibson, 1967) . The comparison also indicates that the reaction being followed after the rapid 0°reaction is in fact the binding of cyanide to the oxygenated species, which leads to the production of the fully oxidized cyanide complex.
To gain an insight into the nature ofthe oxygenated speies a comparison of its cyanide-binding kinetics 
